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Abstract: Although seasonal change in sweat response; the higher sweat: rate, the 
shorter latent period for sweating, and the lower salt concentration in sweat in summer 
than in winter has been reported, the findings have hardly been led by accurate methods 
of measuring sweat rate. In order to confirm seasonal variation of sweating, sweat tests 
were carried out in summer and in winter for each subject. Local sweat rate was record- 
ed before, during and after heat load by using capacitance hygrometer-sweat capture cap- 
sule method, which enabled the determination of local sweat rate highly sensitively and 
continuously. Sweat-onset time and local sweat volume were compared between both 
seasons. Sweat-onset time was 10.82+1.21 min (chest), 11.85+1.26 min (abdomen) in 
summer. It was 16.33+1.95 min (chest), 16.42+1.91 min (abdomen) in winter, P<0.005 
(chest) and P<0.05 (abdomen) between both seasons. Local sweat volume was 
121.23+20.90 mg/capsule (chest), 48.46+10.83 mg/capsule (abdomen) in summer. It was 
36.59+10.83 mg/capsule (chest), 19.20+5.88 mg/capsule (abdomen) in winter, P<0.01 
(chest) and P<0.05 (abdomen) between both seasons. Seasonal variation of thermal 
sweating was reconfirmed by the more accurate method in this study. Furthermore, no 
changes in threshold for sweating in oral temperature was observed. It is suggested that 
the mechanism of seasonal acclimatization is different from that of artificial heat acclima- 


tion. 
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INTRODUCTION 


Sweating is the main mechanism of heat dissipation for humans in a hot environ- 
ment. It is known that sweating response to heat is influenced by climatic conditions. In an 
area where there is a distinct seasonal fluctuation of ambient temperature such as Japan, 
various physiological responses may change season by season. The basal metabolism is 
highest in winter and lowest in summer (Sasaki, 1954; ‘Shimaoka et al., 1987). Seasonal 
change of sweat responses; the higher sweat rate, shorter latent period for sweat onset 
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and lower salt concentration in sweat in summer than in winter have been reported (Kuno, 
1956; Yoshimura, 1960; Ohara, 1966; Hori et al., 1974, 1976). However, the methods used 
in those reports, like the body weight balance or filter paper method, for the measurement 
of sweat rate are not so accurate nowadays. The measurement of latent period for sweat 
onset is especially very rough. In the present investigation, therefore, by using capacitance 
hygrometer-sweat capture capsule method which enabled the determination of local sweat 
rate continuously and more precisely (Sugenoya and Ogawa, 1985; Fan, 1987), seasonal 
variation of thermal sweating between summer and winter was confirmed. : 


MATERIALS AND METHODS 


Six healthy men, 20—37 years old , who had been living in Nagasaki city for at 
least 10 years volunteered for this study. Four of them were college students belonging to 
sports clubs and two were laboratory staff. | 

As shown in Fig. 1, it was coldest (6.2) in January and hotest (27. z C) in August 
at Nagasaki. The difference of ambient temperature in a year was 21.1 C. Sweat tests 
were performed in winter (January to March) and in summer (July to September) for each 
subject. Mean ambient temperature of the experimental period was 7.9°C and 26.17, 
respectively. | 

On the experimental day, the subject came to our laboratory at 13: 00 after lunch, 
wore shorts only and the sweat test was started at 14:00. In the environmentally controll- 
ed room set at 25C and 60% of relative humidity, after equilibration to the condition for 
at least 30 min, the lower legs were immersed to the hot water bath (43 €) for 30 min. 
Local sweat rates on the chest and the abdomen were continuously recorded by 
capacitance hygrometer-sweat capture capsule method (Fan, 1987; Matsumoto ef al., 1988, 
1989). In briefly, dry N gas flowed into the capsule (10.18 cm2) attached on the skin with 
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Fig. 1. Monthly mean ambient temperature in Nagasaki. Mean ambient temperature — 
of the experimental period is 7.9 in winter (January to March) and 26.1 
in summer (July to September). 
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a constant flow rate of 1 l/min, and the changes of the humidity of effluent gas were 
detected by hygrometer (H211 TAKARA Instruments Co.) connected to DC-pen-recorder. 
For the calibration of sweat volume, a certain amount of 0.45% NaCl solution was drop- 
ped into the capsule through a small hole on the top of the capsule with the micropipette, 
and local sweat rate was expressed in mg/cm?/min. Oral (sublingual) temperature and skin 
temperatures on the chest, abdomen and forearm were measured by thermistors (K923 _ 
TAKARA Instruments Co.) connected to the personal computer (PC—8801 NEC), and 
mean skin temperature (average of three determined regions) was calculated. Local sweat 
volume induced by 30 min heat load and sweat-onset time (latent period for sweating) 
were calculated and compared between winter and summer. 

Statistical significance was assessed by paired Student’s t—test at 0.05 level and the 
values are presented as mean+SE. 


RESULTS 


Typical recordings of subject K. O. in summer and in winter were shown in Fig. 2. 
Small rises in oral temperature and skin temperatures by heat load were observed at first 
and then sweat occured. In summer, sweat-onset time was 10.9 min on the chest, 13.4 
min on the abdomen, and local sweat volume induced by 30 min heat load was 122.88 
mg/capsule on the chest. 22.53 mg/capsule on the abdomen (Fig. 2a) In winter, 
sweat—onset time was 16.0 min on the chest, 16.5 min on the abdomen, and local sweat 
volume was 26.57 mg/capsule on the chest, 15.30 mg/capsule on the abdomen (Fig. 2b). 
Sweat occured after the shorter latent period and sweat rate was greater in summer than 
in winter. | 

Sweat-onset time and local sweat volume were summarized (Fig. 3 and Fig. 4) and 
compared between summer and winter. Mean sweat onset-time was 10.82+1.21 min on 
the chest and 11.85 +1.26 min on the abdomen in summer. It was 16.33+1.95 min on the 
chest and 16.42+1.91 min on the abdomen in winter. There was a significant difference 
between summer and winter, P<0.005 on the chest and P<0.05 on the abdomen respec- 
tively (Fig. 3). | 

Mean local sweat volume induced by 30 min heat load, was 121.23+20.90 mg/cap- 
sule on the chest and 48.46+10.83 mg/capsule on the abdomen in summer. It was 
36.59411.26 mg/capsule on the chest and 19.20+5.88 mg/capsule on the abdomen in 
winter. There was a significant difference between summer and winter, P<0.01 on the 
chest and P<0.05 on the abdomen respectively (Fig. 4). 

Oral temperature and mean skin temperature were summarized (Table 1). Mean oral 
temperature at the equilibration to the climatic condition before heat load was 
36.67+0.20 in summer and 36.77+0.05C in winter with no significant difference. Mean 
threshold in oral temperature for sweating of 36.83+0.20T in summer and 36.87+0.08C 
in winter were insignificant. Mean skin temperature before heat load of 33.23 +0.20C in 
summer and 33.41+0.14 in winter were also not significant as much as the threshold in 
mean skin temperature of 33.16+0.13C in summer and 33.24+0.13C in winter were in- 
significant. 
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Fig.. 2. Sweating tests of subject K. O. in summer (Fig. 2a) and in winter (Fig. 2b). After 
equilibration to the experimental condition for at least 30 min, lower legs were im- 
mersed into the hot water bath (43°C) for 30 min. Local sweat rate on the chest and 
the abdomen, oral temperature and skin temperatures were continuously. recorded. 
Sweat occured following slight rises in oral and skin temperatures. Sweat — onset 
time was 10.9 min (chest), 13.4 min (abdomen) and local sweat volume was 122.88 
mg/capsule (chest), 22.58 mg/capsule (abdomen), in summer (Fig. 2a). Sweat-onset 
time was 16.0 min (chest), 16.5 min (abdomen) and local sweat volume was 26.57 
mg/capsule (chest), 15.30 mg/capsule (abdomen) in winter (Fig. 2b). 
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Fig. 3. Comparison of sweat-onset time between summer and winter. Sweat-onset 
time in summer was significantly short compared to that in winter (P<0. 005 on 
the chest, P<0.05 on the abdomen). 
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Fig. 4. Comparison of local sweat volume between summer and winter. Local sweat 
volume in summer was significantly large compared to that in winter 
(P<0.01 on the chest, P<0.05 on the abdomen). 


78 


Table 1. Comparison of oral and mean skin temperature between summer and winter 


Before heat load Threshold for sweating 

To mTs To mTs 
Summer 36.67 +0.20 33. 230. 20 36. 8340. 20 33. 1640.13 
Winter 36.7740. 05 33. 410.14 36.87+0.08 — 33.2440. 13 


Values are Mean+SE ‘. To: oral temperature, mTs: mean skin temperature (average of three 
determined regions). Not any significant differences were observed between summer and winter. 


DISCUSSION 


Although it has been generally recognized that sweat rate is higher, the latent period 
for sweating is shorter and salt concentration in the sweat is lower in summer than in 
winter (Kuno, 1956; Yoshimura, 1960; Ohara, 1966; Hori et al., 1974, 1976), this was not 
based on precise data because filter paper method or whole body weighing was used for 
measuring of sweat rate. Capacitance hygrometer-sweat capture capsule method used in 
our study enabled the determination on local sweat rate highly sensitively and continuously 
(Sugenoya and Ogawa, 1985; Fan, 1987). 

Local Sweat volume induced by the same heat load in the same thermal environmen- 
tal condition was significantly larger in summer than in winter on both of the two deter- 
mined regions (Fig. 2). These results are in agreement with previous reports using filter 
paper method or whole body weighing (Kuno, 1956; Yoshimura, 1960; Ohara, 1966; Hori 
et al., 1974). 

In this study, sweat-onset time after heat load was accurately determined, unlike in 
the previous reports. It was clearly demonstrated that sweat onset-time in summer was 
significantly shorter than that in winter (Fig. 3). Seasonal variation of sweat response to 
heat; the shorter latent period and the larger amount of sweat were also clearly 
demonstrated and reconfirmed by the more accurate method. | 

A similar phenomenon to seasonal variation, the enhancement of sweating, is known 
to be induced by short-term artificial heat acclimation (Henane and Valatx, 1973; Henane 
and Bittel, 1975; Sugenoya et al., 1986), physical training (Piwonka et al., 1965; Nadel et 
al., 1974; Henana et al., 1977; Roberts et al., 1977; Hessemer and Brück, 1983: Buono and 
Sjoholm, 1988) and local skin heating (MacIntyre et al., 1968; Ogawa et al., 1982). Henane 
and Bittel (1975) reported that increased sensitivity of sweating with marked quickening of 
sweat onset was obtained after 9 days passive heat acclimation. Basal rectal temperature 
equilibrated to the ambient temperature of 30C and the threshold rectal temperature for 
sweating were also significantly decreased after acclimation. However, no decrease in basal 
level or in threshold of oral temperature was observed in this study (Table 1). Hori e al. 
(1974) also reported that initial level of rectal temperature was the same between both 
seasons. These results indicate that seasonal variation of thermal sweating is not mainly 
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attributed to the shift of threshold core temperature for sweating. There may be some dit- 
ferences between the mechanisms of seasonal acclimatization and artificial heat acclima- 
tion. | 

Seasonal change in central sudomotor neural activity was reported by means of deter- 
mination of the frequency of sweat expulsions. It was suggested that seasonal acclimatiza- 
tion involved changes in the central sudomotor activity as well as peripheral conditions, 
since the regression line relating the frequency of sweat expulsions to ambient temperature 
was steeper in slope in summer than in winter (Ogawa, 1975; Ogawa and Asayama, 1978). 

The mechanisms of seasonal acclimatization are not fully solved. However, it is con- 
sidered that repeated heat exposure or elevation of body temperature in daily life 
modulate the central sudomotor activity and/or secretory capacity of sweat glands. Recent 
development of air-conditioning systems may be inducing the reduction in the level of 
seasonal variation of various physiological responses in humans. Nevertheless, seasonal 
variation of thermal sweating was observed in this study. Four of the 6 subjects in this 
study were college students who were regulary exposed to outdoor environment in their 
daily lives. This may be the reason for the observation of distinct Seasonal variation of 
thermal sweating in this investigation. 
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